Abstract. The present study demonstrates one solution to a problem faced by managers of species of conservation concern -how to develop broad-scale maps of populations, within known general distribution limits, for the purpose of targeted management action. We aimed to map the current populations of the koala, Phascolarctos cinereus, in New South Wales, Australia. This cryptic animal is widespread, although patchily distributed. It principally occurs on private property, and it can be hard to detect. We combined a map-based mail survey of rural and outer-urban New South Wales with recent developments in estimating site occupancy and species-detection parameters to determine the current (2006) distribution of the koala throughout New South Wales. We were able to define the distribution of koalas in New South Wales at a level commensurate with previous community and field surveys. Comparison with a 1986 survey provided an indication of changes in relative koala density across the state. The 2006 distribution map allows for local and state plans, including the 2008 New South Wales Koala Recovery Plan, to be more effectively implemented. The application of this combined technique can now be extended to a suite of other iconic species or species that are easily recognised by the public.
Introduction
Determining where a species of conservation interest occurs, within its known general distribution limits, is essential for its management; however, mapping a species' occurrence to a degree that is of practical value for wildlife managers is difficult if the species is widespread and patchily distributed. This difficulty is compounded if the species primarily occurs on private land (Knight 1999) and is cryptic, i.e. its detectability is low (MacKenzie et al. 2003; Wintle et al. 2005) . A publicly acceptable and practical way of locating species on private property is to use mail surveys (Lunney et al. 2000a; Lepczyk 2005) . These can simultaneously cover a vast area and provide a snap-shot of a species' distribution (McCaffrey 2005; Toms and Newson 2006) . A limitation is that such surveys are confined to iconic species, i.e. those that are well known and cannot be confused with other species. Australia has a sufficient number of such iconic species of pressing conservation interest to test new approaches to map-based mail surveys designed to accurately map their distribution.
A state-wide koala survey was undertaken in New South Wales (NSW) during 1986-87 as part of a national effort (Phillips 1990; Reed et al. 1990 ). This survey asked residents whether they had seen koalas in their area, the locations of these sightings (without a map, but with addresses to locate the property via The Gazetteer) and whether they thought koala numbers were changing in their area. The survey revealed that the koala had substantially declined in distribution since European settlement. At that time, we hypothesised that there would be further declines of koala populations across its range without better habitatprotection practices on private lands (Reed et al. 1990) . In 1992, the koala became listed as Vulnerable in NSW. A series of local studies from 1990 found that koalas mainly inhabit private lands, and that some populations had become extinct or were declining rapidly (Lunney et al. 2002a (Lunney et al. , 2002b . Koalas are obligate folivores that depend on selected species of Eucalyptus that grow on fertile soils (Moore et al. 2004) , which typically occur on private lands (Pressey et al. 2002) . During the preparation of the NSW Koala Recovery Plan (DECC 2008) , the need for a new state-wide survey was identified, which then prompted the present 2006 study. In doing so, it also provided us with an opportunity to apply new statistical procedures for estimating site occupancy in combination with a map-based public survey, the only suitable technique for determining the distribution of a species across an area as large as NSW. The koala's public image, combined with formal national support for its conservation (e.g. ANZECC 1998), made it an ideal subject to test novel survey techniques and analyses.
The 1986-87 koala survey consisted of a small card with basic questions, distributed throughout NSW with a reply-paid return through Australia Post (Reed et al. 1990 ). Subsequently, more localised surveys included colour maps and requested location records of other iconic species. These proved to be successful in gathering further information, particularly spatially explicit data (e.g. Lunney et al. 1997 Lunney et al. , 2000a Lunney et al. , 2000b Lunney and Matthews 2001) . The simultaneous collection of data for other species enabled us to design a state-wide koala survey to estimate both detection probability and the probability of occurrence. The koala is largely nocturnal and spends the daylight hours often concealed in the tree canopy, giving it a low probability of detection. Assessing the presence or absence of a species when it is often undetected requires different methods from estimating numbers (MacKenzie and Nichols 2004; Joseph et al. 2006; Rhodes et al. 2006a) . It is relevant to estimate the number of repeat surveys needed to be reasonably certain that a species is absent (Wintle et al. 2005) , as well as to estimate detection probabilities where variation in sampling effort is unavoidable and the estimation of the probability of presence can be confounded by detection probability (MacKenzie et al. 2003) .
The primary aim of the present study was to determine the distribution of the koala (Phascolarctos cinereus) in NSW, by using a public survey and applying new statistical models to move from a literal map to one that defines distribution in terms of the likelihood of occupancy. In doing so, we aimed to provide wildlife managers, land-use planners and community organisations with a reliable distribution map for the koala which can be used to support research and conservation programs, such as those identified in the NSW Koala Recovery Plan (DECC 2008) . The second aim was to evaluate the effectiveness of combining public survey techniques, in this case with a userfriendly map, with recent developments in estimating site occupancy and species-detection parameters. The third aim was to compare the current distribution with one carried out in 1986-87, to identify any major changes in koala distribution.
Materials and methods
The 2006 study design The 2006 survey was designed to obtain spatially explicit data on the presence or absence of koalas across the state of NSW (and the Australian Capital Territory, which lies wholly within NSW), Australia (Fig. 1) . We used a postal survey of people living outside the major urban areas in NSW to obtain sufficiently accurate animal-sighting data to enable us to establish presence or absence of a species at a local level. We used a design modified from MacKenzie et al. (2006) , which depends on several repeat observations at a site, and associated covariates, rather than the approach employed by Dillman (2007) , which requires a high response rate if the researcher is to assess the knowledge, or the trends in attitude, in a community. There are recognised limitations to the questionnaire approach (e.g. White et al. 2005) , including demographic and socio-political biases in the respondents and biases owing to low return rates (Dillman 2007) . However, because our aim was to locate koalas, not estimate the extent of community information or attitudes about wildlife, or demographic characteristics of the human population in relation to knowledge or attitude, these issues did not affect the information used for determining koala distribution. Our survey design aimed to maximise the area of NSW covered, not to sample the human population. Hence, we did not sample Sydney, which, although having many people, covers only a small proportion of NSW. We also could not extensively sample areas of very low human populations (e.g. remote arid and semiarid areas) because of the vast distances and limited postal coverage in these areas. As we had been advised by Australia Post to expect a low return rate, which was consistent with our findings from previous local public surveys seeking detailed, map-based wildlife information, we increased the number of survey forms distributed to be assured of enough returns to undertake the analytical procedures of MacKenzie et al. (2006) . In fact, to be confident that we would have sufficient map-based records per 10-km grid square to fulfil statistical requirements for the procedures of MacKenzie et al. (2006) , we sent a survey form to a quarter of all residences in rural NSW.
We used Australia Post's unaddressed mail system (i.e. mail delivered without individual addresses) to sample the community across rural and peri-urban (urban fringe) NSW, at a cost of $A0.12-$A0.14 per form dispatched and $A0.40 per return. For delivery purposes, Australia Post divides the State into postcodes, which are postal-delivery zones that vary in area within the state, e.g. Gunnedah is 3837 km 2 and Port Stephens is 306 km 2 . These were the lowest-level identifier that we used during the delivery process. The form was a large, map-based survey, carefully designed to be easy to use. It was an A2 sheet (420 Â 594 mm), consisting of a letter and a simple set of questions (Side A), and a user-friendly, colour map for marking wildlife sightings (Side B). The map depicted towns, roads, rivers, National Parks and State Forests at a scale of 1 : 500 000 for eastern and central NSW, and 1 : 850 000 for western NSW. We used 26 overlapping maps to cover the State. Map boundaries were set so each postcode was entirely within at least one of the maps.
The questionnaire side comprised a letter requesting information on the following 10 widely recognised species (or genera): koala, spotted-tailed quoll (Dasyurus maculatus), platypus (Ornithorhynchus anatinus), short-beaked echidna (Tachyglossus aculeatus), brushtail possum (three Trichosurus spp.), common wombat (Vombatus ursinus), wild dog/dingo (Canis lupus familiaris/dingo), red fox (Vulpes vulpes), deer (any species) and cane toad (Bufo marinus). We asked respondents to mark on the map the locations where they had seen each species, differentiating between recent sightings (within the last 2 years) and previous sightings (before the last Lunney et al. (2009a) .
In May 2006, we sent out 213 685 survey forms across the state, accompanied by considerable publicity and a phone number to call for questions and media enquiries. We excluded business addresses and most addresses in the high urban concentrations of the Australian Capital Territory, Newcastle, Wollongong and Sydney. We did, however, include Campbelltown, on the outskirts of Sydney, near where the first koala seen by Europeans was discovered 10 years after the British settlement of Australia (Lunney et al. 2009b) . We selected the total postal service within each postcode area if feasible and, where not possible, we selected the components of the total service in the following order of preference: (a) roadside mail boxes; (b) street addresses; (c) counter addresses and (d) post office boxes. We also selected more areas of low density of human population in the west of the state to ensure all areas were represented. The allocation procedure produced a threshold level of 473 surveys delivered per postcode, i.e. all postcodes containing up to 473 delivery points were used. Six postcodes above that address limit had all roadside mail boxes and street addresses sampled, because they had been sampled in previous community surveys (Lunney et al. 1996 (Lunney et al. , 1997 (Lunney et al. , 1998 . In total, we selected 278 postcode areas in NSW. To enhance the return rate, we included a postagepaid return envelope. We analysed forms that were returned through to the end of June 2006, giving us a snapshot of current (2004-06) koala distribution across NSW.
Probable density of koala presence
After the forms were returned through the post, we converted the locations of koalas, and other wildlife species, marked on the maps to Lambert's Projection references and plotted them with ArcGIS 9.0 (ESRI 2007). We projected a 10-km 2 grid across NSW for estimating the average occupancy for the koala. At this scale, previous studies of koala distribution have indicated that the effects of spatial autocorrelation are minimal at distances greater than 8 km ). Each 10-km grid square was divided into 16, 2.5-km subgrids (i.e. 625 ha) or sites (following the terminology of MacKenzie et al. 2006) . For each site, we counted the number of respondents reporting koala presence as well as the number reporting the other nine wildlife species. The reported wildlife sightings of each respondent at each site represented one koala-detection survey (again following the terminology of MacKenzie et al. 2006) .
As identified by MacKenzie et al. (2002 MacKenzie et al. ( , 2005 MacKenzie et al. ( , 2006 , a major complication in presence/absence studies occurs when a species is present but not detected. The basic model to estimate koala presence (y), and the probability of detecting koalas that are present (p) at a site, used the likelihood, given the number of koala and other wildlife sightings:
where y is the (unobserved) probability of a koala being present at a site in the bioregion, p is the probability of a koala being detected given that a koala is actually present at a site, N s is the total number of respondents who reported wildlife at a site, K s is the total number of respondents who reported koalas at each site, and n C k is the binomial coefficient of k items out of n.
We carried out the analysis for each of the interim biogeographical regions for Australia bioregions (Thackway and Creswell 1995) that occur in NSW, so that there was a species-specific calculation of y across each bioregion. This regionalisation of the analysis also improved the estimation of the probability of detection (p), as the characteristics of the different bioregions influenced the chance of detecting koalas.
To further improve the estimation of the probability of a koala being detected (p), the basic model above was augmented by adding the respondent-specific covariates of respondent's sex and residency (length of time in years that respondent had lived in the area) via a logistic link, following the methods of MacKenzie et al. (2003 MacKenzie et al. ( , 2006 , as follows:
To improve the estimation of koala presence at the site level, site-specific environmental covariates were used via a logistic link, as follows:
The parameters (y 0 , y 1 , y 2 , . . ., and b 0 , b 1 , b 2 ) were determined as the values of these parameters that jointly maximised the likelihood equation. The values of the environmental site-specific covariates and y 0 , y 1 , y 2 , . . . then determined y. Likewise, the values of respondent-specific covariates and b 0, b 1 and b 2 then determined p.
We also determined the environmental site-specific covariates to gain a better estimate of the occupancy of a koala at each site (MacKenzie et al. 2003 (MacKenzie et al. , 2006 . These served primarily to remove sites that had few wildlife sightings, and had environmental characteristics that were unlikely to be occupied by koalas. We used the following site-specific environmental covariates: we estimated the mean maximum temperature and annual precipitation for each grid square by using the program BIOCLIM within the ANUCLIM package (Busby 1991; Crowther 2002) . Climate data were derived from continent-wide surfaces of monthly mean minimum and maximum temperatures and 19 regional surfaces for monthly precipitation (Williams and Busby 1991) . BIOCLIM uses Laplacian smoothing splines to incorporate mathematical surfaces to a network of existing meteorological data (Hutchinson and Bischof 1983; Hutchinson et al. 1984) . We used the GEODATA 9 Second Digital Elevation Model (DEM-9S) Version 2 of Australia (http://www.agso.gov.au/meta/ ANZCW0703005624.html) to calculate the mean elevation for each 10-km grid square with ArcGIS 9.0 (ESRI 2007). Human population and its associated habitat modification, transport and dog ownership are acknowledged as having an impact on koala habitat and koala survival (Lunney et al. 2002b . We incorporated the data on the human-population density from the Australian 2001 census, using collector district totals proportionally spread over each grid cell, in the analyses. We classified soil layers into four fertility levels, and used the presence of a Soil Fertility Class 3 as a binary covariate because this class showed the most variation between the presence and absence of koalas. Also, we treated the presence of roads, rivers and streams as binary covariates, within each 10-km grid, because their presence or absence reflects the presence or absence of koalas and other wildlife species.
We used the SAS procedure NLIN (http://support.sas.com/ onlinedoc/913/getDoc/en/statug.hlp/nlin_index.htm) to derive the maximum likelihood estimates and their variances.
By using those estimates, we defined the probability of a koala being present at each site as:
Pðkoala presentÞ ¼ 1 where K s > 0; and
That is, if a koala was reported, we set the probability to 1; otherwise, the probability depended on y, p and the number of sightings of other species. For each 10-km 2 grid, the average occupancy was calculated as the sum of the 16 probabilities of koalas being present, divided by 16. A value of 1.0 arose where koalas were reported at all 16 sites. Values close to zero reflect a large number of records of other wildlife, and few or no koala sightings. Higher values reflect increasing support by the data for koala presence throughout the grid square. Because both the fox and the echidna are known to be widespread, as are several other species, at least 1 of the 10 species was predicted to occur in every grid square (e.g. van Dyck and Strahan 2008). Thus, if no wildlife sighting of any species was detected in a 10-km 2 grid square, that grid square was deemed not to have been surveyed.
Distance from home
We asked respondents to mark the location of their residence on the map. This provided us with an indication of whether the records were accurate for location. We assumed that the respondent would know the location of their house on the user-friendly map that showed roads and towns; hence, koala sightings near the house would be more likely accurate for location. This analysis was also used to provide a measure of the dispersion patterns of individual respondents' wildlife records and their proximity to the respondent's house.
Sufficient information
To test whether the intensity of the survey was adequate, we plotted a cumulative number of new koala locations against a cumulative number of forms returned. For each of the 26 map sheets, we constructed curves to indicate whether we sampled intensively enough to capture the distribution of the koala. A steep curve indicated that we were still collecting new koala locations to the end of the survey. In contrast, a curve that flattened indicated that no or little new information was being added with additional returns. As the survey distribution assigned all the respondents' addresses, in whole postcodes, to the same map, all wildlife data in a postcode area occurred on one map.
We calculated the mean information content a(j) as the proportion of information (koala locations) in subsamples of the total returns on each map, for subsample sizes j ranging from 5 to 95%. The definition of the function a(j) constrains it to go through the points a(0) = 0 and a(1) = 1.
Estimating differences in koala distribution between the 1986 and 2006 surveys
We compared the data for the 1986 ( grid-cell level), we calculated a 95% confidence interval for the difference.
Results
The 2006 survey received 16 526 replies, a return rate of 7.7%, which greatly exceeds the usual return rate of less than 2% for commercial surveys and promotions (Australia Post, pers. comm., May 2006). The values for each step in the distribution and return of forms show that of those who replied, 11 087 had a map-based location of at least one of the 10 animal species (Table 1) . Of the 51 469 animal records, i.e. 'sightings' pinpointed on the maps, there were 4904 koala sightings on 3110 forms, i.e. 1.58 koalas per form with a koala sighting. In round figures, of those who were sent a survey, 1/8 responded; 2/3 of the returned survey forms had animal locations, 1/4 of the returned forms had koala locations and 1/10 of the total number of animal sightings were of koalas. The distribution of wildlife records covered the eastern half of NSW. There were gaps in the west and central west of NSW, and along the Great Dividing Range (Fig. 3) . These gaps reflected gaps in the locations of respondents' houses (Fig. 4) .
There was a variable rate of accumulation of information on koala locations for the increasing number of surveys returned (Fig. 5) . The three map sheets covering the north-eastern part of the state, where koalas were principally located, showed a high rate of return, e.g. 70% of the information by 50% of the returns. The other koala curves show a lower rate, and these map sheets were in those areas where koalas were scarce. After the entry of 16 526 surveys, we were still gaining more information on koala distribution in most of the 26 areas defined by the map sheets (Fig. 5) . This is consistent with the reporting rate expected for rare species, i.e. in most map sheets koalas were rare, as well as being the expected rate of reporting for those parts of the state where the species is more common, in this case in north-eastern NSW.
Most wildlife sightings were within 2.5 km of respondents' residences ( Fig. 6) , with almost all records falling within 20 km. Animal reports more than 10 km from a dwelling were relatively scarce. The same decline of records was common across all species, despite the squared increase in area, and hence potential koala habitat, with distance from a fixed point. Because of the respondents' likely familiarity with the locality near to their homes, we consider that the animal locations were well within the accuracy required for placement into a 2.5-km grid.
There was a great variation in the probabilities of both detectability and occupancy among different bioregions; hence, a decision was made to apply bioregion-specific estimates of detectability and occupancy. For the purposes of comparison, only the North Coast NSW, Nandewar and Southeast Corner bioregions are given for analysis (Fig. 1) . In the North Coast NSW bioregion, detectability was higher than in other bioregions, ranging from 0.1 to 0.3 (Fig. 7a) , reflecting the higher number of respondents in that area. Detectability was lower in the Nandewar and South-east Corner bioregions than in the North Coast NSW bioregion (Fig. 7b, c) . The comparisons of occupancy showed a different pattern, with a spread of relatively high occupancies in the North Coast NSW bioregion (Fig. 8a) . There was a bimodal distribution of occupancies in the Nandewar bioregion, reflecting the clustering of koalas around Gunnedah (Fig. 8b) . In the South-east Corner, there were lower occupancies than in the North Coast NSW, reflecting fewer recent koala records (Fig. 8c) .
The records of koalas were unconnected across much of the range, with clusters evident along the northern half of the coast, and a major cluster in the northern region of the state, west of the Great Dividing Range (Fig. 9) . The final map, which is the outcome of the application of the estimates of site occupancy and species-detection parameters, is accurate in that it shows where koalas were known to exist in 2004-06 (Fig. 10) . Areas where there was a very high likelihood of koala presence include the Tweed region of far-northern coastal NSW, the areas surrounding Coffs Harbour and Port Stephens of mid-north coast of NSW, and the area surrounding Gunnedah, northwestern NSW. The western extremities of areas of high likelihood of koala presence include the areas surrounding Lightning Ridge, and some locations along the Murray River. In contrast, the far-southern coast and the far-western region of NSW have very low likelihoods of koala presence (Fig. 10) .
Comparison between the 1986 and 2006 surveys showed how the concentrations of koalas have changed (Fig. 11) . This comparison cannot show absolute changes in koala numbers, rather it shows those areas of the state where koalas have decreased or increased faster than in the rest of the state. Specifically, it highlights only a few grid squares, around Gunnedah in north-western NSW and some areas on the northern coast of NSW, that showed a significant increase in koala concentration. For most of the grids, the data did not show a statistically significant difference in koala presence/absence. This lack of detected differences would be due to both the low level of statistical power (determined by the size of the historical 1986 dataset) for some grid cells, as well as there being no real differences between the time periods in other grid cells. Areas showing decreases in relative koala density were often adjacent to the areas of increase in far-northern NSW and in some grid squares to the south-west of Gunnedah (Fig. 11) .
Discussion
The success of this novel combination of methods (estimates of site occupancy and species detectability applied to spatially explicit data from public survey) has demonstrated that public surveys can provide information on species distributions on private lands. These lands are the habitat of many threatened species, as well as emerging pests (Knight 1999; Norton 2000; Lunney and Matthews 2001) . Although public-survey methods are utilised in species biology (e.g. Lunney et al. 2000a; Lepczyk 2005) , and there are studies estimating species presence when detectability is variable (Bailey et al. 2004) , we know of no other study that has combined these techniques. We are confident that the survey encompassed the koala's range because the locations of the koalas were a subset of the locations of all 10 species of wildlife surveyed, i.e. there were many more 10-km 2 grid cells with wildlife other than koalas. Determining the distribution of a widespread species is difficult, particularly when it is patchily distributed, is cryptic and inhabits private lands, as is the case with the koala. Estimating the detection probability across a survey area provides a valuable tool in such studies (MacKenzie et al. 2006) .
We are mindful of the shortcomings of wildlife records that are based on human observations. This applies particularly to the western half of NSW and the Great Dividing Range, large sections of which are neither farmed nor occupied. The western third of the state is arid or semiarid, with a low density of human population, where koalas are restricted to riparian areas of some major, although intermittently, flowing rivers (Reed et al. 1990). However, the scale of the 2006 survey, the size of the response and the high quality and quantity of spatially explicit data obtained by the use of a large, user-friendly map, demonstrate that compiling a comprehensive and reliable distribution of the koala in NSW is possible by using unaddressed mail. In particular, it has confirmed the value of this non-intrusive method for obtaining wildlife-distribution data from private lands. The survey covered the rural landscape across a large area of NSW (809 444 km 2 ). Most koala sightings were within the immediate vicinity of respondents' houses, i.e. were mostly on private land, in rural areas. However, there were sufficient records 10-40 km from residences to enable wildlife locations to be identified in nearby state forests or national parks. The map of locations of all wildlife-survey records (Fig. 3) covers far more ground than the map of respondents' houses (Fig. 4) , particularly in the strip along the Great Dividing Range, an area largely devoted to forests and parks (Pressey et al. 1996 (Pressey et al. , 2002 . This survey technique has great strengths where people live, and where the population density is sufficiently high to support a survey.
Ideally, the information curves plotting the number of wildlife locations recorded against the number of survey returns would approach a horizontal asymptote. The curves did record a declining mean rate of new information per return for the common species, e.g. the red fox (D. Lunney, M. S. Crowther, I. Shannon and J. V. Bryant, unpubl. data). These curves allowed us to conclude that we did not significantly undersample to preclude adequately encompassing the rarer species, such as the koala. Further, where the koala was most commonly found, the curves were flattening, with 70% of the information by 50% of the returns. The resulting maps of koala distribution can therefore be considered to be reliable, especially because detection rates were accounted for. We note that we were the first to examine the intensity of any planned postal wildlife survey on such a large scale. We have now provided a gauge of the effort necessary to achieve a reliable and repeatable result. However, we would not recommend annual monitoring by this method at this effort because of the cost. Targeted local studies would be the next step.
Maps of wildlife-location records, depicted as large dots, are potentially misleading. In Fig. 9 , each point is one koala-location record. On the far-southern coast, there appears to be a reasonable smattering of records, whereas on the far-northern coast there is a noticeably thicker cluster of records. A direct comparison between these two locations points to a higher density in the north than the south, although the degree of difference is concealed by the size of the markers showing each location record. A greater appreciation of the interpretation of species distribution emerges from a comparison between the map of koala records (Fig. 9 ) and the map of the average occupancy values for the koala (Fig. 10) . This final map of estimated koala presence is of much greater value to field managers and planners than the precursor map of koala locations. It gives the index of species presence in a locality generally, and is related to the likelihood that koalas are present in a randomly chosen 625-ha area, i.e. 10 km 2 . It also allows others to appreciate how likely, with a given level of probability of detection, it would be to detect a koala if a local search were to be conducted. The far-southern coast was identified in 2006 as being largely bereft of koalas, a point consistent with the scant records found during past surveys and an examination of the historical record (Lunney and Leary 1988; Lunney et al. 1997) . In other words, koalas are present, although locally rare. However, the koala in the Eden region remains of great local conservation interest and, in the debate in the media over woodchipping, it has been the most frequently mentioned wildlife species (Lunney 2005) . In contrast, the northern coast of NSW and the area around Gunnedah on the Liverpool Plains, west of the Great Dividing Range, are recognised locally as carrying important koala populations (Smith 2004; Lunney et al. 2007) . The next step would be to confirm koala-sighting records with another series of 'on-ground' field surveys, such as those used by Lunney et al. (1998) and those identified as targets in the NSW Koala Recovery Plan (DECC 2008) . Studies have already commenced in the Gunnedah region of NSW (D. Lunney, M. S. Crowther, I. Shannon and J. V. Bryant, unpubl. data), where the koala population has expanded against the state trend. Of particular focus in the Gunnedah study is the use that the koalas are making of the major tree-planting programs of the 1990s, and whether these restoration programs are the primary reason for the increase.
The use of public survey depends on several criteria that we ensured we satisfied before undertaking this enterprise. The first was selecting only easily recognised, iconic animals, such as the koala, red fox and echidna. Except for the cane toad, all are ubiquitous and widespread species/genera that share an extensive distribution from the coast to the arid zone in NSW. They have no congeners in Australia, so there is no ambiguity about their identification. The second criterion was to select species that are likely to occur on private lands. The third was to use a map where respondents could readily show the location of their residence, to help them accurately indicate the locations of their sightings. The fourth criterion was to select species that live where people live; the eastern half of NSW has been shown by the present study to fit that category, and whereas the method is weaker in the arid zone with fewer people, it would be of great value for studies of urban wildlife (e.g. Lunney and Burgin 2004; Adams et al. 2006) .
By resampling the 2006 koala-survey data (Fig. 9 ), we were able to identify the areas that reported an increase or decrease in the relative density of koala sightings since 1986 (Fig. 11) . The only areas that reported an increase in the relative density of koala sightings were on the northern and mid-northern coast of NSW, and in the immediate vicinity of Gunnedah, an area that undertook tree plantings in the 1990s, and had been recording more sightings of koalas (Smith 1992 ; S. Rhind, M. Ellis, M. Smith and D. Lunney, DECC, unpubl. data) . This is indicated by the higher concentration of sightings surrounding Gunnedah in the 2006 survey (Fig. 9) than that in the 1986 survey (Fig. 2) . We note that these increases were adjacent to grid squares reporting relative decreases in koala sightings to the south-west of Gunnedah. Most areas did not report a relative change in koala sightings, which may be due to the small number of responses in many of these squares, or the areas not having had (and still not having) substantial koala numbers in the past 20 years, particularly on the far-southern coast and western NSW. The 20-year comparison also revealed that the 1986 map of Reed et al. (1990) , as shown in Fig. 2 , was a reasonable estimation of the distribution of the koala in NSW. Hence, the detailed programs that were based on this state-wide portrait were not misplaced. It gives us greater confidence that the next generation of policies and programs, such as those in the NSW Koala Recovery Plan (DECC 2008), will be addressing contemporary issues in koala biology and conservation. Most of the grid squares reporting decreases in relative koala density were in the north-east of NSW, the identified stronghold of koala populations in the 1986-87 survey (Reed et al. 1990) , and now an area of rapid growth of human population (NSW Department of Planning 2006a ). These areas fell behind the general trend across NSW during the 20-year period since the 1986 survey. We consider that the rapidly increasing human population, with its increase in associated threats of habitat fragmentation, dogs and motor vehicles, has led to declines in the koala population in this area relative to the rest of the state. Some koala populations in northern NSW have already been reported as becoming locally extinct (Lunney et al. 2002b) , or declining Matthews et al. 2007) . We predict that populations will continue to decline as the human population continues to increase, unless specific management actions are taken (DECC 2008) .
Current conservation programs are already utilising our final distribution map, such as in the efficient implementation of the NSW Koala Recovery Plan (DECC 2008) , and the map will form part of the current redrafting of the National Koala Conservation Strategy (ANZECC 1998) . The location data are also publicly available on DECC's Atlas of NSW Wildlife. Access to such data is particularly important where the costs of implementation are high, e.g. the estimated costs for implementation of the NSW Koala Recovery Plan are $A1 230 000, as stated at the official launch of the Recovery Plan on 30 November 2008. The map also serves as a springboard for further research, such as monitoring and interpreting trends in the status of the koala, the impacts of climate change, undertaking local population studies, and examining the contributions of planning and restoration programs to the maintenance of local koala populations. Recent examples are the research by Rhodes et al. (2006b Rhodes et al. ( , 2008 , McAlpine et al. (2006a McAlpine et al. ( , 2006b and Januchowski et al. (2008) , which used the koala as a model species to examine broad ecological issues where there is a management imperative.
Conclusions
Wildlife managers, land-use planners and community organisations now have a set of distribution maps which can be used to fulfil the aims of the NSW Koala Recovery Plan (DECC 2008) and related research and conservation programs. Although public surveys have regularly been used in applied ecology and naturalresources studies (e.g. Lunney et al. 2000a; Lepczyk 2005) , there have been methodological advances in recent years (White et al. 2005) . The combination of public survey, which is map-based, with the estimation of site occupancy has wide application where conservation actions on private land, and community participation, will be integral to the success of proposed planning decisions or wildlife-management programs. The practical application of this technique enhances the capacity of spatially explicit public surveys to provide a rigorous and repeatable basis for ecological studies, such as the NSW state government's current emphasis on monitoring, evaluation and reporting (MER) or the Commonwealth's MERI (where the 'I' stands for improvement). Involving the community in the research phase of an ecological study, such as determining the distribution of koalas, encourages the community to participate in implementing conservation actions (Lunney et al. 2000a; DECC 2008) . Because these actions will principally apply to private lands, it is crucial to have community support. This principle applies to a wide suite of species that are of public concern, including threatened species and pest species, on private lands. Conserving koala populations in NSW and managing the associated threats and planning options are among the immediate positive outcomes of this approach (e.g. McAlpine et al. 2007; DECC 2008) .
